INTRODUCTION
The avian oviduct performs major functions involving egg formation, maturation, and transportation of a fertilized or unfertilized egg to the exterior of the body. It is composed of 5 segments or regions (from anterior to posterior), viz., infundibulum, magnum, isthmus, shell gland (uterus), and vagina. The first 4 regions play an active role in egg formation and movement, and the fifth, the vagina, is made of muscle that helps push the egg out of the hen's body (see for reference: Bacha and Bacha, 2000; Chousalkar and Roberts, 2008; Jacob et al., 2011) . Egg transport is accomplished primarily by contractions of the oviduct; oviduct musculature functions as a stretch receptor and the mechanical stimulus is provided by the ovum itself (Arjamaa and Talo, 1983) . Avian oviduct, like other smooth muscle, exhibits a specialized pattern of electrical and mechanical activity during the passage of the egg. Studies showed variable and intermittent high-rise or frequent electrical potentials before and around egg transport in different parts of the hen oviduct (Shimada, 1978; Shimada and Tanabe, 1982) . These electrical waves are responsible for the ultimate physiological contractions of the oviduct.
Recent studies have established the role of interstitial cells of Cajal (ICC) as electrical pacemakers of smooth muscle contractile activity. These cells serve as electrical pacemakers, responsible for generation of slow waves, which are vital to myosalpingeal contractions and egg transport in the oviduct. The tubal-ICC (t-ICC) from the human fallopian tube in primary cul-
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tures exhibit spontaneous electrical activity (Popescu et al., 2005) . Interstitial cells of Cajal originate from embryonic mesenchyme and then differentiate into a distinct cell type, which depends on the upregulation of transmembrane protein, or c-terminus tyrosine kinase (c-Kit) receptor, that is also crucial to their identification and phenotype conservation (Torihashi et al., 1995; Wallace and Burns, 2005) . In addition, selective blockage with Kit neutralizing antibody results in loss of electrical rhythmicity and propulsive contractions in the mouse oviduct-ICC (Dixon et al., 2009 ). This provides the evidence for the spontaneous electrical activity in the ICC in the oviduct. Although, specific antibody to avian c-Kit protein is lacking; nevertheless, the transmission electron microscopy (TEM) serves as the most reliable technique for identification of ICC in various tissues (Rumessen, 1994; Rumessen and Vanderwinden, 2003) . Moreover, ICC subpopulations form synaptic-like junctions with excitatory and inhibitory motor neurons in the digestive system. These ICC form gap junctions with each other and with neighboring smooth muscle cells (SMC), whereas no synapses were found between nerves and SMC (see for reference: Wang et al., 2000; Horiguchi et al., 2003) . Such locations of ICC indicate their role as mediators in the smooth muscle-nerve axis. Electrophysiological studies using whole cell patch-clamp technique define that ICC are electrical pacemakers of smooth muscle contractions (Povstyan et al., 2003; Harhun et al., 2004) .
Despite the plentiful literature on characterization, physiology, and pathology of ICC in mammalian oviduct, little information is available in the avian species. The aim of this study is to identify the ICC and investigate their morphological and ultrastructural characteristics in the oviduct of the laying hen.
MATERIALS AND METHODS

Experimental Birds
We used 12 normal laying Chinese Three-Yellow hens between 8 and 12 mo of age and weighing 2.0 to 2.6 kg in the current study. The housing of birds included holding in individual cages under standard uniform experimental conditions and adequate lighting. The birds had free access to food and water. All the experimental protocols complied with the regulations of the Chinese Committee for Animal Use for Research and Education. The birds were killed by cervical dislocation. Then, we collected the oviduct samples very carefully, immediately after killing the birds.
Sample Collection and TEM Processing
The experimental tissue samples included 5 segments of the hen oviduct, viz., infundibulum, magnum, isthmus, shell gland (uterus), and vagina. Tissue blocks were quickly fixed using the immersion fixation technique, in 2.5% glutaraldehyde in 0.1 M PBS (pH 7.3) overnight. The tissues were then cut to a 1 × 2-mm size and fixed overnight in the same fixative at 4°C, rinsed 3 times for 8 min each in buffer, and postfixed in 1% osmium tetra oxide (OsO 4 ) in 0.1 M PBS for 2 h. The specimens were then washed in distilled water and stained en bloc with 2% aqueous uranyl acetate, washed in distilled water 3 × 5 min; dehydrated in ethanol, and embedded in Epon 812 R (Merck, Whitehouse Station, NJ). We used ultrathin sections mounted on copper grids, contrasted with uranyl acetate and lead citrate, and examined under Philips Morgagni 261 TEM system. The criterion for the identification of ICC under TEM followed the principles by Komuro (1999) , Faussone-Pellegrini and Thuneberg (1999) , and Popescu et al. (2005) .
RESULTS
We have demonstrated the presence of ICC in the different segments of the oviduct, viz., infundibulum, magnum, isthmus, shell gland (uterus), and vagina, from laying hens, based on morphology and ultrastructure of ICC as observed under TEM. In general, we observed the presence of ICC throughout the oviduct, in the mucosal folds in lamina propria, around the muscle bundles and the individual muscle cells, and in the close surroundings of the nerve fibers. The morphology and structure of ICC were the same among the 5 segments because the identified cells shared many characteristics common in the observed segments (Table 1) .
General Characteristics of ICC
Morphologically, all the observed ICC appeared bipolar and multipolar cells with round, spindle, or stellate (octopus-like) shapes. Nuclear morphology varied from spherical/oval, elongated, and flattened, to irregular shapes. The ICC showed long and slender moniliform dendritic processes emerging from their cell body. They were elongated primary processes, giving off one or 2 secondary or terminal processes or the wavy and tortuous processes (Figures 1, 2, 3, 4e,f) . The processes targeted the surrounding smooth muscles, nerve fibers, the blood vessels, the epithelium, or other ICC processes. The various types of contacts of ICC processes recognized include the areas or spots of close appositions of membranes or gap-like junctions with SMC, nerve fibers, and epithelium or between the ICC processes, the contacting membranes often showed dense areas at the site of junction, and, the peg-and-socket-like junctions (PSJ) with SMC. These 2 types of contacts were present in almost all the segments of avian oviduct. The third type of contacts observed was interdigitation intervening with epithelium in the mucosal folds, where the ICC process extends into the lamina propria and makes close appositions to the epithelium. We observed such contacts in the shell gland (uterus). In addition, intricate labyrinthine-type networking contacts were also present among the processes of the same ICC (Table 1; Figures 1, 3, 4a,b,c,d ,e.1,f,g.1, 5a,b,c, 6, 7, and 8a).
ICC Ultrastructure
Ultrastructurally, the observed ICC nuclei appeared to have more euchromatin, dispersed heterochromatin, and nucleolus. The cytoplasm appeared as a thin perinuclear electron-dense rim that widens near the emergence of primary processes and an occasional basal lamina. The cytoplasmic organelles as identified under the TEM include numerous mitochondria (Mi) with frequent long and well-developed cristae, abundant rough endoplasmic reticulum (rER), and many caveolae. Dispersed intermediate filaments (Figure 8b inset) , Golgi bodies, vesicles, and centriole were also present (Figures 2a, 3 , 4a,e,g, 5c, 6, 7, 8a,b) . We also differentiated the fibroblasts as the cells having short processes distinct from ICC. They showed a small nucleus and large cytoplasmic area. Their cytoplasmic organelles included less mitochondria and more rER found dispersed throughout the cytoplasm. The caveolae, intermediate filaments, and basal lamina were absent. The contacts between the fibroblasts and muscles or nerves were also absent.
DISCUSSION
This is the first study ever done so far to identify the ICC in the hen oviduct. We have demonstrated the morphology and ultrastructural characteristics of these cells in all 5 segments of oviduct in laying hens by TEM. The general features of ICC we observed here (Table 2) are similar to those already reported in mammalian species. The cells we report are bipolar and multipolar ICC with long dendritic primary processes and varying number of secondary processes. Characteristically, they show a very scant rim of cytoplasm surrounding the large round and elongated nucleus. Rumessen (1994) and Rumessen and Vanderwinden (2003) established that TEM features alone serve as the gold standard for identification of ICC. They proposed 8 item criteria. Those include (i) numerous large mitochondria, (ii) bundles of intermediate filaments, (iii) thick filaments absent, (iv) abundant surface caveolae, (v) variably developed basal lamina, (vi) contacts between ICC and nerve bundles, (vii) well-developed rough endoplasmic reticulum, and (viii) close appositions or gap junctions with smooth muscle; as the most important differentiating ultrastructural features for ICC based on TEM. Ultrastructurally, the ICC that we observed qualify the gold standard very well. Additionally, we also found a centriole in the ICC process. We have also differentiated the ICC from fibroblasts. The later did not show basal lamina, the intermediate filaments, the caveolae, or any visible junctions or contacts with smooth muscles or nerves. Komuro (1999) distinguished fibroblasts from ICC, as the former principally do not appear to have gap junctions, intermediate filaments, the dense cytoplasm, numerous mitochondria, or the basal lamina in the mammalian digestive systems. Popescu et al. (2005) , working on human fallopian tube, added 2 points to the gold standard, called the platinum standard, which stipulates the epithelium, capillaries, smooth muscle cells or nerve fibers being the target for ICC innervations, and certain characteristic of ICC processes. Reynhout and Duke (1999) also reported ICC near nerve axon bundles, surrounded by collagen and elastin fibers, and occasionally fibroblasts or blood vessels in the digestive tract of turkey. They characterized ICC as showing numerous mitochondria, caveolae, thin processes, basement membrane, Figure 2b . The picture shows the peg-and-socket-like junctions (asterisks), and close contacts (arrows) between the smooth muscle (SMC) and ICC process. Note the lesser heterochromatin (Ht), and more euchromatin (Eu), mitochondria (Mi), rough endoplasmic reticulum (rER), the vesicles (v), the basal lamina (small arrow), and caveolae (arrowheads)-magnum. filaments, rough ER, Golgi bodies, and occasional gap junctions under TEM. Interstitial cells of Cajal frequently colonize the vicinity of axon bundles, surrounded by connective tissue cells and blood vessels. We also confirmed that ICC closely surround the blood vessels, smooth muscles, and nerve fibers via their processes.
We observed 3 different types of contacts in the avian oviduct. The most commonly found includes the small spots/areas of close appositions or gap-like junctions, and the other one is PSJ. Intricate labyrinthinetype contacts were also present in the ICC processes. Moreover, we also report that ICC in avian oviduct make finger-like interdigitating contacts with the epithelial cells, presumably for the first time. Popescu et al. (2005) described gap junctions between the ICC processes and between the ICC and SMC in human fallopian tube by TEM technique, and reported that ICC processes lay near the axon bundles. In mammals, these gap junctions in myometria dictate the coordinated contractions in labor and thus delivery of the fetus (Garfield et al., 1977) . In the present study, we also report a dense area or spot-like contact between ICC process and nerve axons. pothesis of Thuneberg and Peters (2001) and proved that rhythmically contracting ICC sense the stretch of the musculature, and this information transmitted to smooth muscle cells via peg-and-socket-like contacts, in the neonatal cultured ICC from mouse gastrointestinal tract. Thus, it is clear that the PSJ between ICC and SMC serve as a stretch coupling device in the gastrointestinal tract, and ICC contraction precedes the smooth muscle contraction. One could expect a similar function in the avian oviduct. Furthermore, it is possible that these PSJ also serve as the stretch receptors to propel the egg out in the avian oviduct, a phenomenon supported in a study on the Japanese quail's oviductal SMC during egg transport (Arjamaa and Talo, 1983) . However, no available literature mentioned the presence of PSJ between ICC and SMC in the oviduct before.
In mammals, the identification of the c-Kit/SCF receptor protein has facilitated a wide range of studies on the ICC from their functional, physiological, pathological, and experimental aspects. The antibodies to mammalian c-Kit protein have been identified as specific immunohistochemical markers of ICC identification in mammalian, including the human and several other animal species (see for reference: Torihashi et al., 1999; Popescu et al., 2005; Junquera et al., 2007; Dixon et al., 2009 . Although the c-Kit immunoreactivity based mainly on morphological identification of the ICC in mammalian tissues, in addition, it is also positive for mast cells, which are morphologically distinct from ICC. However, the immunoreactivity is variable even within the same tissue or region; thus, not all ICC subtypes in mammals appear to be c-Kit positive (To- rihashi et al., 1999) . Contrarily, the major hindrance to molecular study of ICC in avian species is the lack of a suitable marker for the c-Kit proto-oncogene product that could specifically label the avian c-Kit protein. Although, Lecoin et al. (1996) successfully used the quailchick marker system to show the embryological origin of ICC and labeled these cells by ribonuclear probe for the c-Kit RNA in the intestinal tracts; but they failed to provide definite and characteristic ultrastructural features of ICC.
In conclusion, we believe that the cells reported clearly qualify the identification criteria characteristic of typical ICC based on the TEM and are distinct from fibroblasts. In addition, it is imperative to work out the physiological functions of ICC in the hen oviduct, the molecular determinants, and the more precise regional location. Additional experiments are also required to determine the functional significance of the PSJ with SMC and interdigitating contacts of ICC with oviductal epithelial cells.
